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Sputum smear microscopy is the main and often only laboratory technique used for the diagnosis of
tuberculosis in resource-poor countries, making quality assurance (QA) of smear microscopy an important
activity. We evaluated the effects of a 5-day refresher training course for laboratory technicians and the
distribution of new microscopes on the quality of smear microscopy in 13 primary health care laboratories in
Kinshasa, Democratic Republic of Congo. The 2002 external QA guidelines for acid-fast bacillus smear
microscopy were implemented, and blinded rechecking of the slides was performed before and 9 months after
the training course and microscope distribution. We observed that the on-site checklist was highly time-
consuming but could be tailored to capture frequent problems. Random blinded rechecking by the lot QA
system method decreased the number of slides to be reviewed. Most laboratories needed further investi-
gation for possible unacceptable performance, even according to the least-stringent interpretation. We
conclude that the 2002 external QA guidelines are feasible for implementation in resource-poor settings,
that the efficiency of external QA can be increased by selecting sample size parameters and interpretation
criteria that take into account the local working conditions, and that greater attention should be paid to
the provision of timely feedback and correction of the causes of substandard performance at poorly
performing laboratories.
Tuberculosis (TB) is one of the world’s leading causes of
infectious disease-related morbidity and mortality. The World
Health Organization (WHO) estimated that there were 8.9
million new cases of TB in 2004, of which 3.9 million were
sputum smear positive (10). Each individual with untreated
smear-positive TB infects 10 to 15 persons per year, making
the identification of these infectious patients one of the key
aspects of TB control (11).
Case detection through quality-assured bacteriology is an
essential element of the WHO STOP TB strategy (8). Because
of a limited culture capacity, many resource-poor countries
rely solely upon sputum smear microscopy for the diagnosis of
TB. The quality of smear microscopy depends on a network
of local laboratories and external quality assessment (EQA) of
these laboratories under the supervision of the national refer-
ence laboratory (NRL) (9). EQA of smear microscopy in re-
source-poor settings most often consists of on-site unblinded
review by a laboratory supervisor of positive slides and 10% of
negative slides. This method, which has not been validated in
the field, is labor-intensive and is often a neglected part of
national TB programs in resource-poor countries (7).
In an effort to simplify and standardize EQA activities and to
prioritize EQA at national TB control programs (NTPs), a
practical EQA guideline was developed by an international
working group and endorsed in 2002 (2). These international
EQA guidelines recommend the use of three methods for the
evaluation of laboratory performance: on-site assessment by
the use of a standardized questionnaire, panel testing of tech-
nician proficiency by the use of centrally prepared slides, and
blinded rechecking of a random sample of routine slides from
each peripheral laboratory. To decrease the EQA workload,
the blinded rechecking recommendations incorporate statisti-
cal sampling methods developed for industrial quality control.
To date, few countries have implemented the 2002 EQA
guidelines and few studies have evaluated the routine imple-
mentation of these new guidelines in resource-poor settings
(3–6).
We assessed the impacts of an intervention consisting of a
5-day refresher training course for laboratory technicians and
the distribution of new microscopes on the performance of
smear microscopy. We assessed the feasibility of the imple-
mentation of two components of the new EQA guidelines,
blinded rechecking and on-site evaluation, in 13 laboratories in
Kinshasa, Democratic Republic of Congo (DRC). Panel test-
ing was not evaluated, as it has limited value in assessing
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routine performance and might best be reserved for testing at
the end of training sessions (7).
MATERIALS AND METHODS
The study was conducted as part of a program of technical assistance to DRC.
DRC is ranked 11th among the TB high-burden countries (10) and has 1,083
sputum microscopy centers, 23 regional laboratories, and one NRL in the capital,
Kinshasa. Only the NRL has culture facilities.
Several steps were implemented as part of the study. First, selected sites were
visited for on-site evaluation and the collection of slides for blinded rechecking
before the intervention. Second, all laboratory staff performing smear micros-
copy at the selected sites underwent a 5-day refresher training course at NRL,
and new microscopes were distributed to each site. Third, 9 months later, slides
were again selected for blinded rechecking.
Site selection. Thirteen diagnostic TB centers were selected from among the
89 diagnostic TB centers in Kinshasa, based on the smear microscopy workload
in 2003. The 13 laboratories selected performed 45% of all smears for acid-fast
bacilli (AFB) in Kinshasa. The median annual workload at the 13 selected sites
was 4,371 sputum smears (range, 1,283 to 17,837 sputum smears) for AFB.
Carbol fuchsin staining solutions for the entire city were centrally prepared and
quality controlled before distribution to the health care centers. Smear micros-
copy was performed according to DRC national guidelines. The selected sites
agreed not to rotate laboratory technicians during the study period.
On-site evaluation. On-site evaluation of each laboratory was performed by
using the comprehensive on-site evaluation checklist proposed by the 2002 EQA
guidelines and adapted to reflect the DRC NTP guidelines. The evaluation was
completed by the same NRL and research staff for all sites and consisted of both
open- and closed-ended questions, simple observations, and limited on-site re-
checking of slides.
Intervention. All laboratory technicians employed at the study sites underwent
a 1-day theoretical and 4-day practical refresher training course in smear mi-
croscopy. The participants were administered a standardized pre- and posttrain-
ing test addressing theoretical and practical knowledge related to TB and AFB
sputum microscopy. Each center received one or two new microscopes following
the training, and the technicians were instructed on their use and care.
Blinded slide rechecking. The blinded slide rechecking process consisted of
sample size calculation, slide storage, slide collection, blinded slide rechecking at
the NRL before and after restaining, rechecking of slides with discrepant results
at a supranational reference laboratory (SRL), and the classification of errors.
In compliance with the 2002 EQA guidelines, the smallest possible sample size
that allows solid conclusions to be made about the performance of a laboratory
was calculated by using the lot QA system (LQAS) method. The 2003 positivity
rate and the total number of slides processed at all laboratories in Kinshasa were
provided by the NTP. The maximum number of false-negative errors allowed in
a sample was set equal to 0 (acceptance number of 0). The expected perfor-
mance (sensitivity) of the peripheral laboratory technicians compared to the
performance of the controllers was set equal to 80%. The specificity of the
peripheral laboratory technicians compared to that of the controllers was set
equal to 100% (no false-positive results were tolerated). On the basis of these
parameters, the annual sample size needed for the blinded rechecking was 57
slides per site.
Each peripheral laboratory was asked to store the 500 most recently collected
slides and have them correctly labeled and cleaned with xylene. The 57 slides for
blinded rechecking were selected from among these 500 stored samples. To
ensure a random, unbiased, and representative sample of slides from each site
for blinded review, sample slides were identified from the register by the research
staff and collected by the laboratory technician. If a slide was missing, the next
slide identified in the register was selected. The slides selected thus represent
slides with negative, positive, and scanty positive results in proportion to their
occurrence in the laboratory register.
Randomly selected slides were reviewed in a blinded fashion at the NRL by
using the same standard technique employed at the peripheral laboratory. The
results were reported according to the standard IUATLD grading scale (Table
1). Following an initial review at the NRL, all slides were also rechecked after
they were restained. Discrepant results were resolved at the Institute of Tropical
Medicine, Antwerp, Belgium, an SRL. The technician at the SRL was informed
of both results but was blinded to which result was from the peripheral laboratory
and which one was from the NRL. The decision given at the SRL was considered
final.
All errors were defined as a quantification error (QE), a low-false-negative
(LFN) result, a high-false-negative (HFN) result, a low-false-positive (LFP)
result, or a high-false-positive (HFP) result according to the international EQA
classification (Table 2). EQA results were interpreted by using the most stringent
criteria listed in the guidelines, suggesting that any major error (an HFP or HFN
result) is unacceptable performance, as well as the least-stringent criteria, sug-
gesting that any HFP result, more than three LFN results, and one or two HFN
results define unacceptable performance.
RESULTS
Evaluation of laboratory technicians’ knowledge and skills
before and after refresher training. The participants had a
good understanding of the basic theoretical aspects of TB and
sputum microscopy prior to participation in the refresher train-
ing course (Table 3). Training resulted in a marked improve-
ment in the practical component (smear preparation, staining,
and reading), with median test scores increasing from 70%
pretraining to 86% posttraining (chi-square test, P  0.01).
On-site evaluation. The most common problems encoun-
tered during the on-site evaluations were shortages of materi-
als (such as distilled water, lens tissue, and disinfectant) and
the unavailability or the poor condition of the necessary equip-
ment (including wire loops, staining racks, a biohazard waste
bin, and a microscope) (Table 4). Other common problems
involved poor microscope care, improper smear preparation,
TABLE 1. IUATLD grading scale for AFB found by Ziehl-Neelsen
smear microscopy
Finding Recording
No AFB in at least 100 fields ..................................Negative
1 to 9 AFB in 100 fields ...........................................Exact no./100 fields
10 to 99 AFB in 100 fields ....................................... 1
1 to 10 AFB per field in at least 50 fields.............. 2
10 AFB per field in at least 20 fields .................. 3
TABLE 2. Classification of rechecking errors encountered upon
blinded rechecking of smear microscopy results as part of




Error classification according to the
following result of the controller:
Negative 1 to 9 AFB 1 2 3
Negative Correct LFN HFN HFN HFN
1 to 9 AFB LFP Correct Correct QE QE
1 HFP Correct Correct correct QE
2 HFP QE Correct Correct Correct
3 HFP QE QE Correct Correct
TABLE 3. Ziehl-Neelsen smear microscopy results pre- and




Theoretical 89 (50–100)a 92 (72–100)
Practical
Smear prepn 71 (43–95) 90 (57–100)
Smear staining 73 (30–100) 83 (67–100)
Smear reading 66 (17–83) 100 (75–100)
Practical total 70 (44–92) 86 (73–98)
a Values in parentheses are the median (minimum-maximum).
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poor staining or reading techniques, incorrect data recording
and slide storage, and a lack of feedback from the NTP.
Participant feedback. In general, the questionnaire admin-
istrators believed that the tool was clear, accurately reflected
the laboratory conditions, and was important in motivating
laboratory workers in their daily work. Some laboratory tech-
nicians and the NRL supervisor reported that the on-site eval-
uation process was too lengthy and time-consuming (1 to 2 h)
for routine supervision. Some technicians experienced the new
requirements for the storage of slides as being too cumber-
some and complex.
Blinded slide rechecking. Among the 741 slides collected
from the peripheral laboratories and reviewed by the NRL,
there were 77 (10.4%) discrepant results. According to the
SRL results, 67 (87%) of these discrepant results were attrib-
uted to the peripheral laboratory and 10 (13%) were attributed
to the NRL.
Prior to the intervention, major errors (i.e., HFP and HFN
errors) were observed in 8 of the 13 (61.5%) laboratories, with
HFN results being much more frequent than HFP results (Ta-
ble 5). Minor errors (i.e., LFP and LFN errors and QEs) were
observed in the majority (10 or 77%) of peripheral laborato-
ries. After the intervention, the occurrence of major errors
remained high, with one or more major errors being observed
in 10 (77%) clinics. HFN results were still more likely to occur
than HFP results. The number of major errors decreased at
five sites, increased at six sites, and remained unchanged at the
remaining two sites. The proportion of laboratories where mi-
nor errors were detected also remained unchanged from the
preintervention to the postintervention assessment. LFN re-
sults also remained more common than LFP results.
Overall, 26% of the discrepancies were detected upon
restaining of the slides at the NRL. Most (80%) of the dis-
crepancies detected by restaining were minor errors.
DISCUSSION
This study evaluated the effect of a 5-day refresher training
course and the distribution of new microscopes on the quality
of smear microscopy at primary health care center laboratories
through the implementation of the 2002 EQA guidelines for
TB laboratories in resource-poor settings. The on-site evalua-
tion and blinded rechecking of the slides proved to be feasible
and complementary aspects of the EQA process, but we could
not demonstrate a long-term effect of the training and micro-
scope distribution.
Similar to the findings of studies performed in India, the
Philippines, and Mexico, we found blinded rechecking and the
LQAS strategy to be operationally feasible (3–6). The blinded
rechecking identified those laboratories with a high number of
smear microscopy errors and allowed the distinction between
those laboratories with optimal and suboptimal performance.
Similar to the conclusions of a study performed in Uganda, we
conclude that a standardized on-site assessment is a useful tool
in quality control and that meaningful changes can be success-
fully implemented on the basis of the results (1). The on-site
evaluation identified potential problems underlying the sub-
standard performance at deficient laboratories and helped with
the formulation of corrective actions. On-site evaluation was
also a key in motivating laboratory technicians. Implementa-
tion of the new EQA method resulted in an important de-
crease in the number of slides that had to be rechecked, but the
use of the comprehensive standardized checklist was time-
consuming (1 to 2 h) and many of the deficiencies identified
were common, with multiple findings suggesting problems in
the same areas. These limitations of the on-site evaluation may
be overcome by use of the short checklist included in the 2002
EQA guidelines as a template, and tailoring the questionnaire
to the specific problems that a country or a region has identi-
fied at sentinel sites may further improve the efficiency of the
on-site evaluation.
TABLE 4. Most common problems reported or observed during
on-site evaluation visits of 13 public health laboratories
in Kinshasa
Problem % of sites
Work space
No separate area for TB work .....................................................57









No lens tissue available .................................................................86
Microscope
Insufficient no. ................................................................................50
Insufficient/inadequate light source .............................................50
Objective not cleaned after every slide .......................................79




Smears prepared from saliva ........................................................43
Smear staining
Stain allowed to dry on slide ........................................................71
Failure to stain with hot carbol fuchsin ......................................50
Destained for less than 3 min ......................................................36
Smear reading
Procedure not followed .................................................................57
Results inferior to NTP standards...............................................50
Administrative
Results not directly recorded on form ........................................50
Elevated workload .........................................................................43
Forms incomplete ..........................................................................36
Improper report forms used .........................................................29
Sanitation and safety
Insufficient supply of disinfectant.................................................57
No biohazard waste bin.................................................................50
Improper use of gloves..................................................................43
Disinfectant not used.....................................................................29
Work areas not washed weekly ....................................................29
Supervision
No NTP feedback ..........................................................................86
Slides not stored.............................................................................21
Errors on rechecking .....................................................................14
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The greatest challenges encountered were related to the
interpretation of the results, the provision of timely feedback,
and the formulation of corrective actions. The 2002 EQA
guidelines state, “When establishing a rechecking program, it
will be important for the NTP to establish standards for ac-
ceptable performance, as well as recommended investigation
steps and appropriate actions to correct problems” (2). Unfor-
tunately, the directions given in the guidelines on interpreta-
tion can lead to confusion. The 2002 EQA guidelines suggest
three different interpretations. All interpretations have no er-
rors of any type as the target for optimal performance, and the
guidelines recommend that any major error and frequent mi-
nor errors trigger an evaluation and the taking of corrective
action, if it is needed. According to the most stringent inter-
pretation, any major error may indicate unacceptable perfor-
mance, while according to the least-stringent interpretation,
any HFP result or one or two HFN results may indicate unac-
ceptable performance. While HFP errors should not occur (the
specificity is set at 100% in the sample size calculation), an
isolated HFP result can be due to a clerical error. More than
one HFP result suggests serious microscope malfunction,
grossly inadequate technique, or an inability to recognize AFB
due to inadequate training or high staff turnover. An HFN
result may suggest work overload, poor staining reagents or
technique, inadequate microscopes, or incorrect reading. Fre-
quent LFN results should also be addressed for these deficien-
cies but are most often due to careless work.
In our study, most laboratories had one or more major
errors, predominantly false-negative errors. The numbers of
laboratories with unacceptable performance preintervention
were eight (61.5%) when the example in the guidelines with
the most stringent criteria was applied and four (31%) when
the least-stringent criteria were applied. Until the working
conditions in underresourced public health systems are cor-
rected, the use of the least-stringent criteria may be more
efficient, as a higher proportion of laboratories with a problem
in need of technical correction would be focused on. Under
such conditions, one may even consider reduction of the set
point of sensitivity from 80% to 70%. This would allow EQA
staff to focus on the provision of timely feedback, problem
solving, and supportive supervision at those laboratories with
the poorest performance.
Even though the 5-day training course resulted in a signifi-
cant improvement in the scores on the standardized test, re-
fresher training and the provision of new microscopes did not
lead to an observable long-term (9-month) improvement in the
quality of smear microscopy. This may be because certain fac-
tors were not addressed by the intervention, such as a high
workload, poor working conditions, and poor staff motivation;
because the sample size in the LQAS method is too small to
detect relatively small improvements in performance; or be-
cause the training did not have a long-lasting effect.
The logistical complexity of involving both an NRL and an
SRL resulted in important delays in the provision of feedback
of the results to the peripheral laboratories. This experience
suggests that the EQA process will be effective and allow the
provision of rapid feedback only if it is completed locally, with
final controls at the national or even the regional level and
continuous evaluation of the controllers. Timely completion
and the provision of feedback with probing for problems are
probably far more important than the type of laboratory giving
the final verdict. Without proper feedback, other efforts are
likely to be in vain. On the basis of the results of this study, the
DRC NTP has revised its EQA guidelines and has introduced
LQAS method sampling via training sessions, with more em-
phasis on correct technical execution and follow-up.
In conclusion, this study supports the implementation of the
2002 EQA guidelines in resource-poor settings. The use of the
LQAS technique leads to a smaller sample size, thus reducing
the EQA workload; and the combination of on-site evaluation
and blinding of rechecking allows an unbiased and represen-
tative evaluation of the quality of sputum microscopy, the
identification of underlying problems, the formulation of feed-
back and corrective actions, and the motivation of laboratory
technicians. Prior to implementation of the EQA system, clear
interpretation guidelines must be agreed upon by the NTP;
and plans must be in place to provide timely feedback, improve
working conditions at suboptimally performing laboratories,
and correct underlying problems identified during on-site eval-
uations.
TABLE 5. Results of slide rechecking at 13 primary health laboratories in Kinshasa
Center
No. of laboratories with the indicated result:
Preintervention Postintervention
HFN HFP LFN LFP QE HFN HFP LFN LFP QE
A 3 1 3 2
B 1 1 1
C 1 1 1 1
D 1 1 2
E 1 2
F 1 1 1
G 1 1 2 2 1
H 1 1 1
I 2 1 4
J 1 1
K 5 1 1 1 1
L 3 1
M 1 1 1 2
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